An iterative median filtering algorithm based on improved spring-mass model for the removal of impulse noises from image is proposed by analyzing the deficiencies of median filter when it is used to eliminate impulse noise. The algorithm of the noise detector is based on the mechanical balance principle. Then an iterative median filtering algorithm is used to filter the noise pixels. Compared with conventional methods, the results show that the proposed algorithm is effective in noise suppression and detail preservation.
INTRODUCTION
Noise acts on the whole process of image processing, including the input, acquisition, processing and output. In particular, the introduction of noise into the image during the steps of input and acquisition will affect the overall process and even the output results. Furthermore, the noise will have an influence on the effects of the subsequent image segmentation, feature extraction and pattern recognition. Therefore, the effectivity of the noise removal is the crucial link of the image processing. Throughout the image formation and transmission, it will be inevitably polluted by the impulse noise. While inhibiting the impulse noise, increasing the signal-to-noise ratio and holding the integrity and edge information of the original image are always the hotspots of the image preprocessing.
In the traditional median filtering, along with the available removal of the impulse noise, the details of the image will be easily damaged. The reason is that the median filtering does not give consideration to the issue whether the *Corresponding author: wxwangst@yahoo.com.cn pixels are polluted by the noise or not and it takes the uniform treatment to all pixels. Therefore, on the one hand, the edge details, which are treated as the noise, are filtered; on the other hand, it brings about the spreading of the noise to the neighborhood and then weakens the algorithm's ability in maintaining the details of the original image. In order to overcome this shortcoming of the median filtering, many improved algorithms have been proposed, such as center weighted median (CWM) algorithm [1] , switching median filtering (SWM) algorithm [2] , adaptive median filtering (AMF) algorithm [3] , maximum-minimum exclusive median (MMEM) filtering algorithm [4] and Min-max algorithm [5] . The typical improvement of these methods is to introduce an impulse detector to determine whether a pixel is corrupted by impulse noise or not prior to filtering. Then only the noisy pixels are replaced by the median filter outputs.
From the view of the mechanical model, the famous physical model of spring-mass model are widely applied into the studies of fabric deformation and image matching [6] [7] [8] . In this paper, we quoted this physical model and took the force's equilibrium condition as the standard to judge whether the pixel was corrupted by noise or not. Then an iterative median filter was applied to filter the noisy pixels.
IMPROVED SPRING-MASS MODEL
If the original image I 0 and noisy image I 1 are defined in the domain and I 0 (x, y) and I 1 (x, y) are the pixel values of the original image and noisy image respectively, then the relationship of the two images can be expressed as follows, ,
where U(x, y) refers to the impulse noise, namely the deviation value of the noisy image from the original one. As shown in Figure 1 , we adopt the eight neighborhoods of spring-mass model to simulate the noisy image, where the longitudinal (transverse) spring means the corresponding mass of the model for the image pixel and the longitudinal and transverse relationship of the connected pixels are simulated by the massless spring; while the diagonal spring refers to the one that the diagonal relationship of the pixels in the eight neighborhoods is also simulated by the massless spring of the relative mass. The central pixels are affected by the tension of the surrounding pixels.
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For the convenience, we define the mass inside the model as the inner mass and the one on the edge as the boundary mass. Under the precondition of according with Newton second law, the instability of the model will be appeared by the mutual actions of the inner force F in and outer force F out and the trajectory of the mass will be: (2) where, for I 0 , and E ′ is the mass set based on the original image; while for I 1 , and E is the mass set based on the noisy image. Meanwhile, we assume that the spring-mass model based on the original image is at the initial stable status. Definition 1. We name the derived force from the spring transformation as the inner force.
Definition 2. Spring-mass model is not influenced by the outer force and the stable status without the transformation (then the inner force is zero) for each spring is referred to as the initial stable status. The spring length of the springmass model at the stable status is named as the free length.
Definition 3. Spring-mass model is not impacted by the outer force and the spring may be transformed, but the sum of the derived inner forces of all springs is zero, and then we call the inner mass is in the equilibrium of forces. The varied spring length of the spring-mass model in the equilibrium of forces is referred as the stretching length. Figure 1 . Spring-mass model simulating the noisy image.
The transformation of spring-mass model mainly appears as three modes: stretching, cutting and bending and we can take the simulation with three styles of elastic forces, namely the stretching force F S , cutting force F C and bending force F B . Wherefore the inner force resulted from these three kinds of forces can be expressed as: (3) For the spring-mass model based on 2D images, we will take no account of bending force F B for the images will not be bended or transformed to the third dimensional space or the cutting force F C which mainly ensures the grid maintaining the original shape. According to the Hooke law, the stretching force of the spring can be expressed as follows. (4) where, l ij 0 is the free length of the spring between the masses of X i and X j at the initial stable status of the spring-mass mode, namely the original length of the spring; k ij means the spring's elastic coefficient between the masses of X i and X j ; X i and X j refers to the position of the masses. Therefore, the total forces on the mass X i can be expressed as, (5) 
NOISE DETECTION ALGORITHM BASED ON THE IMPROVED SPRING-MASS MODEL
According to the definition 2, when the sum of the inner forces, which acts on the inner masses of the spring-mass model, tends to be zero and the inner mass is at the force's equilibrium condition, we define the inner mass as the signal pixel; on the contrary, we define the instable one as the noise pixel. During the calculation of the spring's stretching force f, for the image pixel set can be regarded as the signal set of 2D, we typically calculate the component force of f along x axis and y axis, f x and f y respectively. For the noisy image I 1 , we let the
size of the window is 3 × 3 and set the contained 9 pixel pixels as the spring masses, where the central pixel is referred to the inner mass and the other 8 pixels are named as the boundary pixels. The connecting line between the inner mass and the boundary mass is the spring and it forms a spring-mass model with 8 neighborhoods, whose definition domain is named as E. Note that the elastic coefficient of the longitudinal (transverse) spring is k 1 and the free length is l 1 ; the elastic coefficient of the diagonal spring is k 2 and the free length is l 2 ; the inner mass of the model is I 1 (i, j) and the boundary one is I 1 (k, l), where The longer distance between the inner mass I 1 (i, j) and boundary mass I 1 (k, l), the smaller influence of the boundary mass on the inner mass will be. So the diagonal spring's attached boundary mass I 1 (k, l), will have smaller spring stretching force for the inner mass I 1 (i, j) , than the one of longitudinal (transverse) spring's attached boundary mass I 1 (k, l) for the inner mass I 1 (i, j); for the boundary masses with the equal pixel value and in the different springs, since the diagonal spring's stretching force is smaller and according to the calculation equation of spring stretching force, we can figure out that the diagonal spring's free length l 1 will be longer than the longitudinal (transverse) spring's free length l 2 , namely l 1 > l 2 . The detection algorithm for the impulse noise can be divided into the following four steps: (1) Calculate the component force of the stretching force of the diagonal spring f 1 along x axis and y axis, f x1 and f y2 , respectively. From the equation (4): where, θ is the included angle between f 1 (i, j; k, l) and positive x axis, so the above two equations can be referred as: 
(2) By employing the same method, calculate the longitudinal (transverse) spring's stretching force f 2 and the component forces along x axis and y axis, f x2 and f y2 , respectively.
(3) Calculate the component forces of f, that affect on the inner mass of the spring-mass model, along x axis and y axis, namely f x and f y , and the value of f and the direction angle θ, which refers to the acute angle between f and x axis.
(4) Apply an impulse noise detector. For the given minimal real numbers ε and δ, if and θ < δ, then I 1 (i, j) is the signal pixel; otherwise, I 1 (i, j) is the noise one. For the noise pixel, we employ the following iterative algorithm to replace it.
FILTERING ALGORITHM BASED ON THE ITERATIVE APPROACH
As to the noise filtering step, if the center pixel of the filtering window is the noise pixel, we apply the median filtering, which only takes into account all the signal pixels of the filtering window, and the center pixel will be replaced by the output of the median filter; otherwise, it will be unchanged. The process will continue until all noise pixels have been replaced by the outputs of the median filter. The specific filtering processing is to obtain the filtering output image from the original noisy image I 1 (i, j): (1) According to the above impulse noise detector, we can let f noise (i, j) as the detection result of the pixel I 1 (i, j). If the pixel is detected as noise, f noise (i, j) is 1; otherwise, it is 0, namely: 
In the simulation, the cameraman image, rice image and tire image corrupted by the impulse noise are used and we apply PSNR and normalized mean square error (NMSE) as the standards to evaluate the performance of the ability of denoising and preserving the details. The calculation of the performance index of the gray image are as follows:
where, F and F′ are the original image and the image after filtering, respetively. M * N indicates the size of image. (12) Table 1 shows the NMSE of the rice image after the processing of Wiener filtering, average filtering, median filtering and the proposed filtering. Table 2 shows the PSNR of the tire image filtered by these four methods. It can be obviously obtained from Table 1 and Table 2 that our proposed filtering method significantly outperforms other three methods. Figure 2 and Figure 3 show the filtering performances of the four methods for the cameraman image corrupted by different impulse noise rates. We can find out that along with the increase of the noise rate, the algorithm of this paper shows more advantageous. Figure 4 , Figure 5 and Figure 6 present the filtering results of the four methods for the cameraman image, rice image and tire image corrupted by 30% noise, respectively. From these figures, the filtering algorithm of this paper is more excellent than the traditional filtering algorithms, with the better visual effects as well. 
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CONCLUSION
In this paper, we adopted the physical model of spring-mass model to detect the impulse noise pixels in the image and then an iterative median filtering algorithm was applied. The results of the experiment showed that, comparing to the traditional filtering algorithm, the new filter could not only effectively filter the noise, but also preferably preserve the edges and details of the image. 
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